This paper estimates the size of the Dutch Bio-Economy, based on its value added. Using consolidated input-output tables, the size of the Dutch Bio-Economy is estimated for the period 2008-2015 and future predictions are made for the period 2016-2020. During the period 2008-2015, the Dutch Bio-Economy has grown from 5.5% of the total Dutch value added in 2008 up to 6.6% in 2015. For future prediction, five scenarios are analysed, with projected growth of the Bio-Economy ranging from 6.87% of total value added on the low end to 8.48% on the high end in 2020.
Introduction
The Bio-Economy has been getting more attention from governments and policy makers. Policy makers look to the Bio-Economy to help solve the fossil fuel problem (Golembiewski et al., 2015; De Besi and McCormick, 2015) . The general idea is that the use of biomass can ease the transition from fossil fuels to a sustainable alternative (EIA, 2016) . Food and non-food applications of biotechnology, especially where GMOs are concerned, are drawing a lot of attention as well. Also for pharmaceutical companies, the growth of the Bio-Economy is relevant for innovation in the sector (Wield, 2013) . For policy makers, it is useful to measure the size of the Bio-Economy at the macroeconomic level, to make informed policy decisions (Dries et al., 2016) .
One place these policy decisions are being made is at the EU, which in 2012 has adopted a strategy "Innovating for sustainable growth: A Bio-Economy for Europe" (EU, 2012) . The EU states in this strategy: "The Commission estimates that the EU's Bio-Economy sectors are worth 2 trillion Euros in annual turnover and account for more than 22 million jobs and approximately 9% of the workforce. The Commission is convinced that to solve the problems connected with the scarcity of non-renewable resources, global warming, and environmental pollution the development of the Bio-Economy is crucial".
Concepts
The Bio-Economy is a multi-faceted concept with different definitions depending on what discipline is studying the Bio-Economy. The difference in definitions used to describe the Bio-Economy or the lack of coherent definition, can make it harder to compare the Bio-Economy on an international scale (Staffas et al., 2013) . Bugge et al. (2016) review three different points of view looking at the Bio-Economy. Firstly, there is the biotechnology view of the Bio-Economy, that emphasises the importance of research into biotechnology and the commercialization of biotechnology. Secondly, there is the bio-resource view of the Bio-Economy. This vision focusses on the role of research and development related to raw resources in the primary sector as well as establishing new value chains. Lastly, there is the bio-ecology vision that focusses on the importance of ecological processes that optimize the use of energy and nutrients and to promote biodiversity. The first two visions are largely focussed on R & D in global systems, whilst the bio-ecological vision emphasizes the potential in regional systems.
In the past, there have been various attempts to measure the BioEconomy. Vandermeulen et al. (2011) have tried to compute the size of the Flemish Bio-Economy by gross margins and employment measures. They arrived at rather low figures of 1.8% in terms of gross margin and 0.4% in terms of employment. The United States Department of Agriculture (USDA, 2011) have also tried to measure the size of the Bio-Economy by using specific bioindicators to estimate the size of the Bio-Economy. It does, however, prove to be difficult to choose and define the indicators needed. Both these methods have the disadvantage that they are very difficult to compare between different countries. Pellerin and Taylor (2008) estimated the size of the Canadian BioEconomy to be 6.4% of total Canadian GDP. They calculated this figure using an econometric model, using the bio-based North American Industry Classification System (NAICS). In their paper, they have also noted the possibility of using Input-Output tables for measuring the Bio-Economy. In this paper, we propose a method which allows for easy international comparison and aggregation of the results based on UN standardised InputOutput tables (CBS, 2016a) .
For this paper, we define the Bio-Economy as the primary sector, as this is the sector of primary bio-based production. This sector consists of production in the fields of agriculture, fisheries, aquaculture, forestry and veterinary services. We will call this aggregate of the Sector 1. All sectors not included in Sector 1 are grouped in thirteen other sectors, based on industry type. All the other industries are divided into the different sectors mainly based on common sense and logical pairs. Together, 14 sectors are distinguished.
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Measuring the size of the dutch bio-economy n Heijman, W., Schepman, T. n vol. 7, 2018, no. 2 n pp. 67-72 made is that there is a fixed relation between total inputs and total outputs within a sector. Value added V i of sector i equals the output O i minus inputs I i of sector i:
The total inputs I i for sector i equals the sum of all inputs j into sector i:
For all sectors k, which includes all sectors apart from Sector 1, the following simple production function with perfectly substitutable inputs is assumed:
If α k is known, it is possible to calculate O kb , the part of O k that can be attributed to the BioEconomy, and therefore also the value added V kb of the Bio-Business:
Total value added V bb of the bio-business equals: Total value added V be of the bio-economy equals:
The shares S 1 and S kb of each sector k in total value added V equal:
The combined shares S bb and the share S be of the Bio-Economy in the total value added then equals:
Finally, the total value added V be of the BioEconomy, equals: Measuring the size of the dutch bio-economy n Heijman, W., Schepman, T. n vol. 7, 2018, no. 2 n pp. 67-72 Substitution: Bio-inputs increasing annually by 5% without total inputs rising.
In Scenario 1 the economy is projected to grow with the average growth over the period [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] . Average growth is calculated separately for each of the fourteen different sectors, therefore each sector might grow or shrink at different rates. The second scenario shows growth under substitution of non-bioinputs by bio-inputs, with bio-inputs increasing by 5% without total inputs rising, for every € 1 million extra bio-inputs, there is € 1 million less in non-bio-inputs. In the third and fourth scenario, economic growth and the substitution effect are combined in two scenarios. In the third scenario, a low rate of substitution is assumed, a 2% increase in Bio-inputs while total inputs remain constant. In the fourth scenario, a high rate of substitution is assumed, a 5% increase in Bio-inputs while total inputs remain constant. In the fifth and final scenario, we assume an economic growth of 1% for the total economy combined with a 5% substitution of Bio-Inputs. In the average growth in the period 2008-2015, the value added of the total economy shrank by 1%, which is rather pessimistic for the period 2016-2020. Therefore the final scenario shows what might happen if economic growth is more in line with predictions for economic growth, although still being conservative. Table 2 and Figure 2 present the results for Scenario 1.
Under Scenario 1, the size of the BioEconomy is projected to grow from 6.63% in 2015 to 6.87% in 2020, with total value added of the Bio-Economy decreasing from € 35,183 million in 2014 to € 34,683 million in 2020. The average growth of the total economy was negative on average over the 2008-2015 period, but relatively Bio-input intensive sectors grew at a faster rate than the total economy. That is why, whilst the total value added of the Bio-Economy will decrease in this scenario, the share of the Bio-Economy will increase slightly. The results for the second scenario are presented in Table 3 and figure 3.
In the second scenario, the size of the BioEconomy is projected to grow from 6.63% in 2015 to 8.57% in 2020, with total value added of the Bio-Economy growing from € 35,183 million in 2015 to € 45,452 million in 2020. The growth in this scenario is in both the primary sector and the Bio-business. Both effects add up in the final result. Growth of the Bio-Economy in this scenario is at a linear rate of 5% compared to the previous year. The results for the third scenario are presented in Table 4 and Figure 4 :
In the third scenario, the size of the BioEconomy is predicted to grow from 6.63% in 2015 to 7.58% in 2020, with total value added growing from €35183 million in 2015 to €38293 million in 2020. With low substitution, both value added and share of the Bio-Economy increase slightly. A nearly one percentage point increase in share over a period of five years is slightly higher than the growth observed in the period 2008-2015. The results for the fourth scenario are presented in Table 5 and Figure 5 :
In the fourth scenario, the size of the BioEconomy is projected to grow from 6.63% in 2015 to 8.69% in 2020, with total value added growing from € 35,183 million in 2015 to € 43,915 in 2020. At the high substitution level, the share of the Bio-Economy is projected to grow by just over 2 percentage point, which is over twice the growth observed in the period 2008-2015. In Scenario 5, the size of the Bio-Economy is projected to grow from 6.63% in 2015 to 8.48% in 2020, with total value added growing from € 35,183 million in 2015 to € 47,295 in 2020. With a growth of 1% over the entire economy, the 5% linear growth effect of the substitution is amplified by 1%, which together with the 1% Measuring the size of the dutch bio-economy n Heijman, W., Schepman, T. n vol. 7, 2018, no. 2 n pp. 67-72
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The results for the fifth and final scenario are presented in Table 6 and Figure 6 :
One of the large advantages of this model, as also noted by Heijman (2016) , is that it is easily compared internationally. This is mostly useful in the EU-context, where the European Commission can easily compare individual countries for policy monitoring purposes. The trade-off in this model, compared to methods used in USDA (2011) and Vandermeulen (2011) , is that at the expense of very detailed and specific indicators for the BioEconomy for a specific country or area, this model makes international comparison much easier.
A disadvantage of this model is, as noted by Pellering and Taylor (2008) , that Input-Output tables are generally published in the third quarter of the next year, which can be considered quite late to make model calculation relevant for current policy decisions.
In this paper, the different subsectors are chosen arbitrarily, based on common sense and logical pairs. This was more easily applied to some sectors than others. Choosing different combinations of industries into the different subsectors can have an influence on the model, as well as on what the different measures for the subsectors can tell us about their contribution to the Bio-Economy. Not making these subsectors and instead using all different industry types as stated in the Input-Output table, might, on the other hand, lead to the over complication of the calculations, which leads to a less clear outcome.
This model relies heavily on the assumption that there is a fixed relation between inputs and outputs in a certain sector denoted by α. Support Another assumption that is made in this model is that the proportion of imports that are Bio-based compared to the total imports are equal for all different sectors. The model, therefore, overestimates the size of the BioEconomy for sectors with relatively large imports compared to the sectors with relatively low imports. This could be an opportunity to further improve upon the model.
Under the assumptions made in the model, there are two mechanisms that can influence the share of the Bio-Economy. The substitution of Bioinputs for non-Bio-inputs increases the share of the Bio-Economy linearly, a 1% substitution gives a 1% increase in the share of the Bio-Economy. Another effect is a growth difference between the different sectors. If a sector has a relatively large effect share of Bio-Economy is growing faster, the total share of the Bio-Economy rises. This growth seems to be exponential, but with sectors growth being very small, this exponential effect is rather small as well. This effect of different relative growth between the different sectors can be refined in further attempts to improve this model, mainly by improving the effect of Bio-imports as mentioned before, as well as creating a method to compute economic growth for each different sector for future predictions.
The size of the Bio-Economy at this moment seems rather small, growing from 2009 up until 2013, but after 2013 growth stagnates. One would expect, with a large emphasis placed on growing the Bio-Economy, growth would not stagnate but keep increasing.
Conclusions
The size of the Bio-Economy in The Netherlands has increased from 5.5% in 2008 to 6.6% in 2015. The Bio-Economy recovered more smoothly from the financial crisis than the non-Bio-Economy, shown by increasing shares of the Bio-Economy in the period from 2008 to 2012, whilst the total value added did not reach 2008 levels. This makes sense because the areas of the economy that were hit hard by the crisis have little value added for the Bio-Economy.
For future predictions, with economic growth for each sector equalling average growth over the period 2008-2015, the share of the Bio-Economy is projected to grow to 6.95% in 2020, whilst the value added of the BioEconomy is projected to decrease. With a 5% substitution of Bio-inputs instead of non-Bio-inputs, the share of the Bio-Economy is projected to grow to 8.57% in 2020. In the third and fourth scenario, the share and value added of the Bio-Economy increases. At the low substitution level, projected growth is slightly higher than the growth observed in the period 2008-2015. At the high substitution level, the growth of the Bio-Economy is projected to be twice the amount observed in the period 2008-2015. Therefore, to obtain an increasing growth of the Bio-Economy, the combination of substitution and economic growth of Bio-Input intensive sectors needs to outperform Scenario 3.
